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Abstract. A selection of heavy-flavour physics results from the ATLAS experiment is presented, based on 
data collected in proton-proton collisions at the LHC during 2010. Differential cross-sections for the production 
of heavy flavours, charmonium and bottomonium states and £)-mesons are presented and compared to various 
theoretical models. Results of S-hadron lifetime measurements are also reported. 
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1 Introduction 

The goals of the heavy-flavour physics programme at AT- 
LAS are to test theoretical models for heavy-flavour pro- 
duction within the Standard Model (SM) and to search for 
new physics through rare decays or new sources of CP 
violation. These proceedings present a non-exhaustive se- 
lection of analyses completed during 201 1 based on 2010 
data, divided into cross-section measurements (Section 2) 
and lifetime measurements (Section 3). 

Details of the ATLAS detector may be found in Q]. 
The sub-detectors of greatest importance to the analyses 
presented here are in the Inner Detector (ID) tracker and 
Muon Spectrometer (MS) systems. In addition, in many 
cases the data collection has relied on specific Z?-physics 
trigger selections implemented in the Higher Level Trig- 
ger(HLT). 



2 Cross-section measurements 

2.1 Heavy-flavour cross-section measurements 

At low transverse momentum (pj < 30 GeV) the inclu- 
sive spectra of charged electrons or muons are dominated 
by decays of heavy-flavour hadrons. Using 1.13 pb~' of 
early 2010 data, for which non-isolated low-px electrons 
were recorded without any HLT selection bias, electron 
and muon signals are extracted from the dominant back- 
ground of QCD fakes, conversions (in the electron case) 
and pion and kaon decays in flight (in the muon case). 
The well-understood theoretical prediction for the contri- 
bution from W/Z/y* production is then subtracted to leave 
the heavy-flavour component of the signal. 

The results [2] for electrons and muons within 7 < 
p T < 26 GeV and \rj\ < 2.0 (excluding 1.37 < \r]\ < 1.52) 
are shown in Fig.Q] compared to the predictions from the 
FONLL theoretical framework, in which the heavy quark 
production cross-section is calculated in pQCD by match- 
ing the Fixed Order NLO terms with NLL high-px resum- 
mation. Good agreement with the FONLL calculation is 
observed, including the sensitivity to the NLL terms. 
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Fig. 1. Electron and muon differential cross-sections from 
heavy-flavour production as a function of p T for I77I < 2.0 exclud- 
ing 1.37 < I77I < 1.52. The ratio of the measured and predicted 
cross-sections to the FONLL calculation is given in the bottom. 
The PYTHIA (LO) cross-sections are normalised to the data. 



2.2 Quarkonium cross-section measurements 

Despite being among the most studied of the bound quark 
systems, there is still no clear understanding of the pro- 
duction mechanisms for quarkonium states like the J/ifr 
and the T that can consistently explain both the production 
cross-section and spin alignment measurements in e + e~, 
hadron and heavy ion collisions. Data from the LHC al- 
low tests of theoretical models of quarkonium production 
in a new energy regime. 

The inclusive J/ iff and T( 1 S ) production cross-sections 
are measured at ATLAS in the di-muon decay channel us- 
ing 2.3 pb -1 and 1.1 pb" 1 of 2010 data, respectively Il3l4l . 
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The true numbers of J ft// or T(IS) candidates are recov- 
ered from the observed di-muon pairs by applying event 
weights to unfold the response of the detector, with the ef- 
ficiency factors being determined almost entirely from the 
data. (Monte Carlo is used to provide trigger efficiencies in 
finer binning than would be possible with the data statis- 
tics, with scale factors being obtained from data.) The J/ifr 
and T(IS) yields are then determined from fits to the di- 
muon mass in bins of pj and r\. 

In the J/ift analysis, a correction for the detector ac- 
ceptance (the probability for muons to fall into the fidu- 
cial volume of detector) is also applied in order to obtain 
a total cross-section measurement. Since this correction 
depends on the unknown spin alignment of the J/ if/, an en- 
velope of all possible polarisation assumptions is taken as 
an additional theoretical uncertainty. For the T(1S) mea- 
surement no acceptance correction is applied, and the fidu- 
cial cross-section is reported in a restricted region of phase 
space where the muons are detected, free of any assump- 
tions about the spin alignment. The J /if/ and Y(1S) in- 
clusive cross-sections in an example rapidity (y) bin are 
shown in Fig. [2] For the Y(IS) case, the results are com- 
pared to predictions from PYTHIA 8.135 using the NRQCD 
framework and to NLO QCD calculations as implemented 
in MCFM. Significant deviations from the data are seen 
in both predictions, though MCFM does not include any 
feed-down from higher mass states which was estimated 
to contribute about a factor of two at the Tevatron. 

Of the J /iff inclusive cross-section, the non-prompt frac- 
tion coming from Z?-hadron decays can be identified ex- 
perimentally due to the associated displacement of the J/ if/ 
vertex in the transverse plane, L xy , due to the long lifetime 
of the parent B-hadron. A simultaneous unbinned maxi- 
mum likelihood fit to the J /if/ invariant mass and pseudo- 
proper decay time, t = L 
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/ pi , is used to extract 
this fraction from the data, allowing the prompt and non- 
prompt cross-sections to be obtained. The results in an ex- 
ample rapidity bin are shown in Fig. [3] For the non-prompt 
component, good agreement is seen with the predictions 
of FONLL. For the prompt component, the data are con- 
sistent with NNLO* calculations. 



2.3 D meson cross-section measurements 
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Fig. 2. (Top) Inclusive Jfif/ production cross-section as a func- 
tion of pt for the example J/ift rapidity bin of \y\ < 0.75, com- 
pared to the equivalent results from CMS. (Bottom) Inclusive 
Y(IS) production cross-section as a function of pj for the ex- 
ample T(1S) rapidity bin \y\ < 1.2, for the given kinematic ac- 
ceptance of the two muons. The result is compared to the colour- 
singlet model (CSM) NLO prediction for which the shaded area 
shows the change in the prediction when varying the renormal- 
isation and factorisation scales (nominally m T ) by a factor of 
two. The CSM NLO calculation accounts only for direct produc- 
tion of T(15) mesons and excludes any feed-down from excited 
states. The NRQCD prediction as implemented in PYTHIA8 is 
also shown for a particular choice of parameters. 



Using an integrated luminosity of 1.1 nb~', D**, D ± and 
charmed mesons with pj > 3.5 GeV and \y\ < 2.1 
are reconstructed using tracks measured in the ATLAS 
ID (S'|. Taking the example of the D**, which is identified 
in the decay channel D f± — > D°n* — > (K~7r + )7T^, where 
the 7Tj is the slow pion in the D** decay frame, pairs of 
oppositely-charged tracks with pj > 1.0 GeV are com- 
bined to form D candidates, with kaon and pion masses 
assumed in turn for each track in order to calculate the in- 
variant mass. Any additional track, with pj > 0.25 GeV 
and a charge opposite to that of the kaon track, is assigned 
the pion mass and combined with the D° candidate to form 
a Z)** candidate. A clear signal is seen in Fig. [4] (Top) in 
the distribution of the mass difference AM - M{Knn s ) - 
M(Ktt) at the nominal value of M(D t:t ) - M(D°). From 
a fit to the AM distribution, a D f± yield of 2310 + 130 is 
obtained, and its mass found to be 145.41 + 0.03 MeV, in 
agreement with the PDG world average. Similarly for the 



D ± (yield 1546 + 81) and (yield 304 + 51) mesons, 
masses consistent with PDG world averages are found. 

Using Monte Carlo to correct for the detector response, 
the D** and D ± production cross-sections (in the kine- 
matic acceptance for the D-mesons of pj > 3.5 GeV and 
\y\ < 2.1) are found, as shown in in Fig. [4] (Bottom) for 
the Z)* ± example. Within the large theoretical uncertain- 
ties, NLO QCD predictions are seen to be consistent with 
the data, the uncertainty on which is dominated by the sta- 
tistical error. 



3 Lifetime measurements 
3.1 fi-hadron average lifetime 

Precise measurements of B-hadron lifetimes allow tests of 
theoretical predictions from the Heavy Quark Expansion 
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Fig. 3. (Top) J/tf/ non-prompt to inclusive fraction as a func- 
tion of the J/i// pi compared to equivalent results from CMS 
and CDF. (Middle) Non-prompt J/tf/ production cross-section as 
a function of J/ifi px , compared to predictions from FONLL. 
(Bottom) Prompt J/if/ production cross-section as a function of 
J/i// pj, compared to predictions from NLO and NNLO* calcu- 
lations, and the Colour Evaporation Model. All plots are in the 
example J/ifi rapidity bin \y\ < 0.75. 



framework, which can predict lifetime ratios for different 
B-hadron species with per cent level accuracy. With the 
goal of preparing the way for precision measurements of 
B-hadron lifetimes, an average lifetime measurement of 
inclusive B — > J/t/zX — > fi/jX is made on the full 2010 
dataset (35 ptr 1 ) [6|. With orders of magnitude higher 
statistics than for fully reconstructed exclusive B-mesons 
or B-baryon candidates, the inclusive sample enables a de- 
tailed investigation of the decay length resolution and the 
impact of the residual misalignment of the tracking sys- 
tem. 
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Fig. 4. (Top) The distribution of the mass difference, AM = 
M(Kmx s ) - M(Kn), for D** candidates. The dashed lines show 
the distribution for wrong-charge combinations and the solid 
curves represent the fit results. (Bottom) Differential cross- 
section for D** mesons as a function of p T for data compared to 
the NLO QCD calculations of POWHEG-PYTHIA, POWHEG- 
HERWIG and MC@NLO for £>-mesons produced within \y\ < 
2.1. The bands show the estimated theoretical uncertainty of the 
POWHEG-PYTHIA calculation. 



The inclusive lifetime measurement gives the average 
lifetime of the admixture of B-hadrons produced at the 
LHC and decaying to final states including a J/i//. As dis- 
cussed above, J/i/i mesons produced from the decays of 
B-hadrons are non-prompt, having a displaced decay ver- 
tex due to the B-hadron lifetime. The average B-lifetime 
is thus extracted from the data by performing an unbinned 
maximum likelihood fit simultaneously to the J/ ift invari- 
ant mass and the pseudo-proper decay time. In order to 
extract the real lifetime of the B-hadrons, which are not 
fully reconstructed, a correction for the smearing intro- 
duced by the use of the pseudo-proper decay time in the fit 
is required. This correction ("F-factor") is obtained from 
Monte Carlo, with the J/i/i spectrum in B-hadron decays 
re-weighted to match BaBar data. The invariant mass and 
pseudo-proper decay time projections of the fit, with the 
respective pull distributions, are shown in Fig. [5] The av- 
erage B-lifetime is measured to be: 

(t b ) = 1.1489 + 0.016 (stat.) ± 0.043 (syst.) ps, (1) 

with the main systematic uncertainty originating from the 
uncertainty (in 2010) on the radial alignment of the ID. 
This result is in agreement with the most recent one from 
the CDF collaboration and the expected average lifetime 
computed using PDG lifetimes and production fractions 
from different B-hadron species. 
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Fig. 5. Invariant mass (Top) and pseudo-proper decay time (Bot- 
tom) projections (with their respective pull distributions) of the 
simultaneous fit to these distributions in the S-hadron average 
lifetime measurement, showing the data and the signal, back- 
ground and combined fit results. 

3.2 B° and B° lifetimes 

a s 

The lifetimes of B° d and B° s mesons are determined from 
their exclusive decay modes B° d — > J/if/K*° and B° s — » 
J/if/(/>, using the J '/if/ decay to a di-muon final state, based 
on an integrated luminosity of 40 pb _1 [7|. The study of 
the B® — > J/ifi<p decay is of special interest as it allows 
the measurement of the B° s mixing phase which can gen- 
erate CP violation in this channel. The SM prediction for 
this CP violating phase is small meaning that any mea- 
sured excess would be a clear indication of new physics. 
In addition the light (Bi) and heavy (B#) mass eigenstates 
have two distinct decay widths Z~£ and r# which have 
been determined at the Tevatron using a technique of time- 
dependent angular analyses that allow the simultaneous 
extraction of the CP-even and CP-odd amplitudes. The B® 
channel provides a valuable testing ground for measure- 
ments of the B° s decay due to the equivalent event topology 
with advantage of higher statistics. 

The K*° or <f> candidates are reconstructed by select- 
ing all pairs of oppositely charged tracks not previously 
identified as muons, fitted to a common vertex with the 
two muon tracks from the J /if/. Quadruplets of tracks pass- 



ing certain selections then fully reconstruct the B d or B s 
candidates. Since the B-hadron is fully reconstructed, the 
proper decay time r = L xy m.B / Pib, can be used in an un- 
binned maximum likelihood fit together with the invariant 
mass, in order to extract the yield, mass and lifetime in 
each channel. 

For B d the lifetime is found to be 

t b o = 1 .5 1 + 0.04 (stat.) + 0.04 (syst.) ps (2) 
and for B° s 

Tgo = 1.41 ± 0.08 (stat.) + 0.05 (syst.) ps, (3) 

where a main source of systematic uncertainty comes from 
the detector alignment. With a limited number of B® can- 
didates (463 + 26) the current measurement ignores the 
lifetime difference of the mass eigenstates. However, within 
the current precision the fitted value agrees well with the 
world average of the average lifetime (1.472 + 0.026 ps). 



4 Summary 

The ATLAS heavy-flavour physics programme has made 
many important measurements of production cross-sections 
and masses and lifetimes of various heavy-flavour states. 
In several cases these are already challenging current the- 
oretical models at the LHC energy regime. Moreover, the 
demonstration of the experimental techniques paves the 
way for future measurements and searches for CP viola- 
tion and rare decays. The ability to perform these mea- 
surements has been particularly dependent on the excel- 
lent performance of the ATLAS ID, MS and trigger sys- 
tems. 



References 

1. The ATLAS Collaboration, JINST, 3, (2008), S08003 

2. The ATLAS Collaboration, arXiv:l 109:0525 [hep-ex], 
submitted to Phys. Lett. B (201 1) 

3. The ATLAS Collaboration, Nucl. Phys. B850, 3, 
(2011), 387 -444 

4. The ATLAS Collaboration, Phys. Lett. B705, 1-2, 
(2011), 9 -27 

5. The ATLAS Collaboration, ATLAS -CONF-201 1-017 
(2011) 

6. The ATLAS Collaboration, ATLAS -CONF-201 1-145 
(2011) 

7. The ATLAS Collaboration, ATLAS -CONF-201 1-092 
(2011) 



